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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device of low parasitic capacity which is superior in 
high-frequency characteristics. 

SOLUTION: Related to an HEMT substrate 15, an n+- 
GaAs contact layer 14 on an n-AIGaAs electron supply 
layer 1 3 is selectively removed, to form a recess channel 
23. A polyparaxylilene film 16 of the dielectric constant 
of about 2.4 is formed on the n+~GaAs contact layer 14, 
while an opening part 18b is formed above the recess 
channel 23. A Ti/Pt/Au gate electrode 24a of T-type 
structure which is Schottky-junctioned to the n-AIGaAs 
electron supply layer 13 via the opening part 18b is 
formed in the recess channel 23. Related to the HEMT 
of recess gate structure, the polyparaxylilene film 1 6 of 
dielectric constant about 2.4 is used as an insulating film 
near the Ti/Pt/Au gate electrode 24a of a T-type 
structure. 
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[0001] 

•9, WfCHEMT (High ElectronMob 
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[000 2] 30 

TV>5o G a A s (#y*A8fc*) SrttC&^-r 

[0 0 0 3] a*OHEMT^MESFET^t#» 
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y-h*3S^MESFET©«jt*ft*, il4-01 

[0 0 0 4] ft*J, #HI^*5V^-C, ltt^««8tt 
GaAsSffi, f?f3 2liGaAs^777i, f?^3 
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/Au^-hm ?f*4 2 aliAuGe/Ni/Au 
hW&s ^42bliAuGe/Ni/Auy^ 
SS, ^-§-4 2 bliAuGe/N i / A u 

[0 0 0 5] $fci\ Hi 4(c^$tt6J:5^, ^J&fttt 

GaAsSSSliC, GaAs^$/7rl32, n- 
GaAs^33a, n-Al GaAs|34a, n— G 
aAs|33b, n-A 1 Ga Asf34 b, 
-GaAsl35 ^KglC^ tr* *»>*A'JftJi 
rcOn 4 ~GaAsf35il:, SiONg36^2 
0 0 nmilitSo 

[0 0 0 6 ] #Cv^ 01 5 l^^ftSi 9lC rcDS 
iON|g3 6Jbf£* hl/^ h 3 7*rfc*HMtbfc*, 

^h3 7 ^-e^ * 4: Lt, R 1 E (Reactive Ion Etc 
hing;&J&1t'( SiONg3 

e^attttKR^te^sx^^U JEfcn* — G a A s 
/I 3 5&tfn-A lGaAs|3 4 b fcSttftKLjUErtt 

n-GaAsl3 3bJ:(On-AlGaAsi3 4 
a&tfn* -GaAsg3 5^I«»l:^*ltIl 

[0 0 0 7] &^T% 01 6i:^^ti5J: *hu 
^F3 7^lf:t, ^XtCVD (Chemical V 
apor Deposition ; fc¥ft5M6AJt) fcJ:0* S i 0 2 ' 
S«:4 0 0nm*at5o -t tt, R 1 E f£ <£ 9 s rco 
s i o 2 R5rSMx^fy^Lt> Si^)yt^»3 
8^IiCS i 0 2 ^^r^fiF^it. *$0. 2/imi(DS 
iO z t^K^^3 9Wt§o 

[0 0 0 8] ftv^ 01 7lC7jk£tlZ>& OlC^ S i O 
N^3 6MSiO: t-f K?*-;U3 9t^^^iL 
n-GaAsg33bWn-AlGaAsi34 

/U3 9TtoKjo. i Mmoryy- # y h^MtSc 

rptt, n-GaAs/I 
3 3a ±cOn-G aAsl33 bMn-A 1 G a A s 

®3 4 a*m&mcmi3z&titi$g2<DV~zxm4 o&m 

[0 0 0 9] 0 1 8I^SlxS<t5^. 

/Pt/Au«ii*8«lfc«, ^Ti/Pt/A 

So - 0 tt, S2©y i?*$t4 0rtM;fc5^T, n-G 
a As® 3 3 a ICS/ a 5/ h »jR"T 5^ 5/ S/a/I^— A 

s!^t i /p t/Auy- bm&4 1 &m&-tz> 0 

[0010] ftttic^ 019 lZ7f;£tiZ> J:5i:,.SiO 
NK3 6^Lfc^ SMSCAuGeR Ni 

Xt^AuBISrWcSK^LT, AuGe/N i /A u 
WM«rJMM-«. ^^L-C, Ti/Pt/Auy-F 
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l±.[C7t—^ ^i:gg«AuGe/N i /A 
U y-Ml4 2a, *(7)AuGe/N i/Au *f — h 
1114 2 a S:PiBJC«A/-eP«^n* -GaAs|35l 
|i**t-e*L^— 5 7^l:Mt5AuG e/N i / Au 
y— *««4 2bWAuGe/N i/Au KM^l 
®4 2 c^Mt5 0 

[0011] 9 <^y -fc*Sl3 8<£><RiJ 

MlC^J&LfcS i 0 2 K**"/U3 9lC&&tltim 

hMMA l^rft5MESFET^t5 0 10 
[0 0 12] &±&^tz£?fj:'i£&<DMESFET*$<D 

*5^Ttt, mi 5 \C7jk£tlZ>7fi h l/^ h 3 7 
fK S i ONjg3 6<DR 1 E^Jc^^fte^^V^ 
<*K n + -GaAsl35St/n-AlGaAsi34 
b<DR 1 Et^^^^tt^^^^i/^ft, Hi-teEll 6 

[ZTjkztizx ?tes i o 2 f--r k^^--/i^3 9<Dmm0k 
fttR i Ei^t^^tt^^^^^^fr^^nft-r^r 

£tc£9, Ti/Pt/Auy-hti4i^-hfi 
^Mb^pj^^^o-rv>^ 0 20 

[0 0 13] 

)^<Jr Lt, S i ONK3 i 0 2 K**- ;U3 

9?(OSiOllfeiiMLTl/^o ^Lt, ^3 L 

mz.&s i oN^ojt^s^^. o (g?^) RxtN m 

S i 0 2 ®|OM:R«^te 3 . 9ftffiT-fcS 0 
[0014] ^ O £ ? h 30 

[0015] ^rt^iij;, J^±<^M^dg<^T# 

[0 0 16] 

[^Jg^fi?*'f-5^46<0^] _bfE^JHf*, WTO« 40 
left « *a?#S«^ ¥^#S&_tf^ 

[0 0 17] CC9j:^(CfS^l*C>ff^^ftSlg^io 

v— hmm&m<D&mmt it^^nss i so 
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[ooi8] ft*?, jtmmxm i ^s^^&g®^ 
y-r^KJH (ttmmm3. 0-3. san , #y/<? 

[0019] JtR«*3&Sl-3. SOjfe^M^L 

7^ (F) IR^Sr^»l«*IRt»jB-CfcS. 

s i of mnntmm mm<Dmm<Dmmftm&tbz> 0 

[0 0 2 0] JgK, JtRffl;^** 1 3 . 5 <D|fe»K£ L 
■Ctt, (B) JH-T-«r*tfW««eJRt>»j«t?fc-5 0 

±IEcOS i OFR(07^*S:*!?«|cljH,feS i OB 

[0021] *it. m^B\c^^m»mm^\ ±e 

- h TSM*3rc*> 5 r t ti-z 0 
[0022] z<o±?iznj&m5ic&z*mt*mmz%> 

<omm*TSlMVt&ti:\.X^Z^kiz£ 9, y-hfetn; 
[0 0 2 3] 

£ y-ir*y- h«itOHEMTSr^-r«»WrffiH^?fc 

E2^0 7«^tL^niai^-ry-fe^y--hfltji 
<oHEMT(o»ift*ffi*RM-r5fc«>^xawfffiia-c*> 
60 

[0 0 2 4] 01{C/T*nSi5l^ **»»*^«« 
y 1r*y~ h«5tCOHEMTiC*5V^TIi, *«WtGa 
A s S« 1 1 _b{C, mt&BtG a A s ^^r^^M 1 2 , n 
-A 1 GaAstWll 3, RTfn — G a As^ 
h«l 4 355j|g{^a*ttr, HEMTSSlS^ 

[0 0 2 5] :OTEMTSSl 5tC:fo^Tl*, 

n-AlGaAsi^il3±On — G a A s 

bmi 4)5SiRWlC|»5fe§nt, SO. 7 /img 
Soy-fe^Stl 9*S»*S*tTV^5. *fc, HEMTS 
«1 SOn* -GaAs=»y^^Mi4±C|j: x g$ 
|«)2 00nm, ltii$2. 4gS<D# y V Is 

(DtfV s<7*cis}) WVJ^I 6(C{i x SO. 

ffil 8 baSffM£*XT^5o fiP^>^ r<0§SP35l 8 bCO 
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[0 0 2 6] £7t. :^)^!l^7^'>y Uygl 6CD§8 
pg&l 8 brtlcte, Til, P t K« StfAuBWSHBfc: 

MSftfcT i/p t/Au«ii#jash, y-fcr* 

j$l 9^9tCi5V>Tn-A 1 GaAsff«|l 3 C'> 
3 y Y*—mWtfZ>T i /P t/Au^- h@®2 0 a 

[0 0 2 7] JEIC, H^fi«l»i-S^, Ti/Pt/A 
uy-hSffi2 0a^t?n* -GaAs^^^hg 
1 4 ±dte. A u G e /N i /A u y — *«ffifttfA u 10 
Ge/Ni/Au >Wm&*:tl?fl*—% y?& 

[0 0 2 8] rcO^ptC yt^jf 19^l^^tn- 
A 1 GaAstfftJ&il 3t:»3 ^ h^^t^T 
i/P t/Au^-MS2 0 a«$Ht^5yt 
h«5g(^HEMT^*5l^, :©Ti/Pt/A 
uy-h««2 0aiE#©lftlWi:L-C, tt:^«^2. 

4®S£>#y '<9*fy ^>-j^i 6ris/8v^*vc^<5/& 

[0 0 2 9] H'l ^^-ry -fe^y^ MSitOHE 20 

i\ Emc^Jt^i 5 C ¥l&fitf4Ga Asg«l 1 
±(C, i«#&gG a A s ^\*/vm 12, n-AlGaA 
s«T-t»£/Il 3, RTfn -GaAs^^nil 

<0#i^Jfi»ttGaAsS«l l±lc8MS*XfcHE 

MT£«1 5«r»jfi-r<5o 
[0 0 3 0]^^ ^OHEMTlfilSOn -G 
aAs^^niHJil:, # y 3r > V U^tK y 

M2 5 0t(C*5l^5^ 30 

fi\(D^r zjlT 0 o - 9 IT, — G a A s ^ >^ ^ 
hfl4±l:, f^^2 0 0nm, itil^2. 

[0 0 3 1] ^X\ g]3l;i^£H6<fc ro/Ky 
/<7^>y t^^l 6±<0±B5JC«^-U^ hi 7&m 

mmWc&O. 5 Axm^§SP§Ul 8 a 

[0 0 3 2] H4iC^^tl>5 «t 5f-* w^BSP 

01 8 a SrttSWl^^ M 7 t LT, R 

i Etcji^^y^^^v-y i/^bi 6&m$imzmjj& 40 

^S^V^U n* -GaAs^y^^MH^I^: 
[0 0 3 3] Rl^"?* mS^Tjk^fl^ X ifl/'^ 

^ h 1 7M^y^7^vy uyiii 6^r-^x^ ^ u 

^xygf^x^ft^ h&JB^T, n* -GaAs^ 
>^ ^ hi 1 4 ^IR«l:x V m^t^o ^<£>g£ 
IC, /fy^7^r^y l/^Rl 6TC7y^y 

9 IT, HEMTSgl 5±^y-M«*fi)tftffl* 
fc, n-AlGaAsSmSniOn -G a A 50 



ftffl 2001-189324 
6 

s hSl 4^»R«lC|»*S*tfey-fe^»H 9 

[0034] fci^-e, m6{c^^n5<t 5t-, m&±m. 

CTiR, PtBt, MAuI^lClfLt, IflPgS 
1 8ftOn-A 1 G a Astf^i 1 3 Ji&tfS^U- 
b 1 7±l£*r*x«XT i /P t/Aua§ig2 0* 

[0035] &^-e, m7\z7jk£tiz>x otz^ mmmm 

Srfflv^C, h l 7 ir^tc^rcoio^FS^T i 

/Pt/Au9ilg2 0»it5 o ^ 9 LT, n-A 
lGaAsSfigll3l<Dn — G a A s ^y^^ 

Mi 4ass#wi-i»*£nfcyir*flti 9f*uc*5^t 

n-Al GaAsl^il 3 0>3 y h3r-^jgH- 
5Ti/P t/Au^- hm«2 0 a *Mi&-rZ>o 

[0036] m&K^ H^inrie-rssft^ #y 
yuyiH^wiLt, n/pt/Auy 

— MSI2 0 a n* -GaAsn^niH 

*ffi«:BttJLft:«* rOn + -GaAsny^nil 
4 ±\C*— l£ffiKi~& A u G e /N i /A u y — 

xmmRXfA u G e /N i /A u K W ^«SSr*ix-e 

[0 0 3 7] ~<D£o\CVX, y-fcr;*8ll 9ftd:Jo^T 
n -A 1 G a A s ffi^tfc|&/§ 1 3 fdv-a y h*— 
5Ti/P t/Au^- hm®2 0 a^M$i^tV^'5 
<h^t^, :©Ti/Pt/Auy-Mi20a£§^ 
LtH:Rt*2. 4lS^fy^7^yi/> 

[o o 3 8] ^(DXittnmtemtzxth^ y-t* 

?~ hM<DHEMTC^(j-5T i /P t/Au^- h 
Sffi2 0aia«5O|fi»JR^bT, J*RS*2. 
aSy^^^y u>J^i 6>$sflH^;ft/r^£::<bt;iJ; 
^ »S i o 2 ®£^S i ONK«OS i O^Olt^ 

[0039] (i2 commmm) m s \tt&m<om 2 <d 
mmmm\cm zv^xv-h «igo hemt ^^mm 
mmmxtb *> , m 9 1 3 jx-ena 8 tc^-r y -fe 

S*rffiB|-e«)5o **3, ±IBiai(C^i-HEMTO«fi8 
[0 0 4 0] i8i:/T^nSi9f^ *HSfi^ffi^«s 

y«y-hi»©HEMTi4, ±^i<Dmmmm<D 
m 1 t-^-r y -fe^y— h^^s^H emt t m^m<om 

fiKSr*LT*5!9, Sft^jStt, 13 1 ^*5ft ^ T i/P t 
/Auy- hffl:<12 0 a^to<J«w, BfBB3ft*Tffl»«t«: 
^tt^5TMM^T i /P t/Auy- hSffi^K 
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mmrnm * #a t- s k o ^ r » w Ht«»t s . 

[004 1] ms^-TV h«lit<DHE 

i\ 0 Sit 3 <fc ±E» l ^*Jfi«ffioig 2 
—BI4^*4xiXS4:ra«f-b-C, «ttGaAs 
Sffil 1±M, MSGaAsft^il 2, n-A 
1 G a Astftti 1 3, &l*iT -G a A s 

* hJil 4&JW-^^***>*'M«*£l*T\ HEMT 
S*15t»*U :OTEMTSffil50n -G a 

A s FBI 4JLI^ J*S«2 0 0 nm, J*R« 10 

^2. 4is^y/<7^^y i^yii 6&7K/£L;fc 

j/fy^U, rT -GaAsny^^MH^K 
ggffllT-£§f!nS51 8bt»*t8. 
[0 0 4 2] Rl>-C, SIlOC/TSilSipIC, 

-fy~ /<-t;vu^ h 2 1 «r!6*Jg|SLfc 

[0 0 4 3] tfci^ in (c^£;tx££ 4 * — 

i;y/<-f;H/^h 2 l&TJ*#y s<7*is!) 20 
n'-GaAs^y^niH £jttR#Jf£^ y 

&mft£itZ>o wPL-C, HEMTl«15J:Oy-h 
mMM&ttWtU^ n - A 1 G a A s 1 3 

JbOrT -G a A s ^ M 1 4 ^SRWlCl*** 

frfc y "fc 2 3 ^Mt^c 

[0 0 4 4] ftl^-C, H12 fd^£ix5 <fc 
iCTil, PtB, Rr^AuBltlH^lR^L-C. Hp 30 

gPl 8brt(On-Al G a A s ffi^ffc#£/I 1 3_L&tf$l 

qui 8 bjiia<o/-tf y ✓^^v'y uvuti 6 _t. tvc 

-f^— ^y - h 2 1 Jil^ft^xT i /P 
t/AuW2 4Wt6o 

[0 0 4 5] &i>T% mi 3(c^^tt^>J: 
#J£ffl^T. ^>-^y/<-t;vu^ h 2 l 
<Z5_L<Z>>FB*T i/P t/AuaHB2 4S:l»4t5o 
iHt, n-A 1 G a A s ©T-W^ 1 3±<Dn - 
GaAs3>^Fil 4as»WWW**S*tfcy"fe* 

* 2 3 l^i:i3Pt n - A 1 G a A s l^Mi 1 3 |:-> 40 
3jxh*-««t5i*l:, *<D±»a*Hln»l 8 bA 
HcDTjf y^^^rv'y U^l 6±l££T't£*Lf::T§!» 
itOT i/P t/Auy-hl«24 n&teliZ+Zo 

[0 0 4 6] HStt«*t5^, aKy^<?*S/ 

y l/^Bl 6.S:3B«»JC|»*UT, TS!*a§£>T i /P 

t/Auy- hli2 4 a £r#5ti*n* -GaAs^V^ 
^Ml4^ffi?rltfcll«> :On -GaAs^> 
^^hll 4±|1;*— S ^l:»t5AuGe/N i 
/A u y— *««XtfA uGe/Ni/AuK^>l 
«*r**L?ix»*i-*. 50 
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[004 7] rcoj; y ir 2 3 fiClio^T 

n-A 1 Ga AsWiftSl 3tC-> 3 y h * 
5TM^3g<^T i /P t/A uy- hmffi2 4 a tfSflM 
SixT^Si:*lC, :(DTiiigOTi/Pt/Auy 

- hS^2 4 aSff^ftRi lTtfcit$2. 4§g 
cOaK U /<9**>y uyjgi 6tfSflH^*iTV^y-fc:;*y 

- hSil^HEMT^tSo 

[0 04 8] £i±<D± o K^nmrmK <tntf , y 

h«ifi©HEMT^*5JtST i /P t/Au^- h 
tffi2 4ai£^«gRi:Lt, ltRffi^2. 4§S(0 

#y y is>mi 6&m\f*btix\f*zztiz£ 

£ixXHEMT<Dmm&$f&&fa±£ltZ>~ £&X$Z 
ZtlZMtL. :OTi/Pt/Auy-MS24a^ 
ttmm<0*£^Tmm&&ttLX\t*ZZLklc£Q % 

[0 0 4 9] ft*5 % ±IE»iat5!B2 0lMfi»lB(C*5V> 
-Ctt, Ti/Pt/Auy-Mi20a, 2 4ai5ff 

1 6tcK£r*&Ktttt<, ro^y^^^v-y uyR 
1 6<Df^t>«9(C x ^J^f^it^m^3. 0~3. 

*tf«*.tfs i OFlW**!>*fl(-?«r£trS i OBJEI 

[0050] *tz. ±ftmiRT*m2<DmMMmi£*s^ 

y-fe^y- h*a|OHEMTO»^l:o^rR« 
LTV^tfv *:^^«y-fe:^y-h«lit(cpg^$n^t 

me s FETfj:t'(nt&cDmm<nm^^h : 7>i;* 

[00 5 1] 

&x$Z 0 EP*>, 81*911 lw« 5 

[0 0 5 2] ^fc, fS*«5^«5^flc^BtcJ:ti 
[HBOlR^Rn] 

im i ] *&m<Dm 1 ^xtt^iB^s y -t^y- h« 
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it<BHEMT**-r«»»ffiB-Cfc*o 
[i2l 0 ltc^y h^OHEMTOffiiig 

*i£fcKWi-£fc«>tf>xe»rffiEI (^1) -C&6 0 
[0 3] HI 1 lOTt J h«S©HEMT(OjRa 

[04] i 1 lO^f y t^y- hftil^H EMT^Kig 
#i££RW1-5fctf>oxg»raia (^3) -CfcS D 

[1215] BlC/Tt!)«^- h«igOHEMTO$gig 
^S&RW + Sfci&OXglSrffiia (^4) X&So 

[H6 ] Hi {C^-ryir^y— h#f^OHEMTO$ag 10 
*SS:ttW-rs^«e>©XSWrffiH (^5) -e*>s. 

[1217] Blt^i-y-fe^y— h«3fi^HEMT^«iS 

*»«r»awi-sfc«>oxawrffiia (^6) -e*>s. 

igcOHEMT^^-rtffi»&^rffiiaX*feSo 
[0 9] H8l:*tyt^^ h^i£OHEMTO$ii§ 

*ffi«r»W-r5fc«>^xaWrffiH (^l) -c£>s 0 

ig*ife*RWi-5^«>^xswBia (-to 2) -ca>a. 

[Bl 1] H8t/Tty«^-MSOHEMTO!l! 20 

ji^ffifirttwf *fc«>«>xe»fffiia (-to 3) 

[HI 2] 08 lO^f y 'fe^y- h»S©HEMT©» 

mjjfezwiw-tztztbcDjLmwTmm (^4) t?*>s. 

[1211 3] |2l8fC^i-y-ir^y- hS3gOHEMTOSi 
[0 14] !) t htfiOME S F E T©» 

m.xm*mm^ttft<D-x.w8xmm (*oi) -c*>*. 

[015] t£*<*> y ir^y- hiHigOME S F E TO® 
ifcfrft&RWrSfcfcOXSWrffiia (-to 2) 
[01 6] fi*©yt^y- hiitOMESFETOS! 30 

[017] t^yt^-y- hM^MESFET<Z)I 

[018] «0 y t hM^ME S F E T(?)8I 

5t*fe*RW"f5^:«>«>Xfi«ffiH (^5) -C*><5. 
[01 9].8*oy«y- hMOMESFET^l 
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jt#ft*Rw+*fc«><DxewrflDia (-to 6) -c*>* 0 

W*©MI] 

1 1 ¥16IK1£G a A s Xfi 

12 iH^SGaAsft^i 

13 n-AlGaAsimi 

14 n* -GaAs^^ni 

1 5 HEMTSfi 

1 6 tf9'<y*isV u^m 

1 7 f^U^ h 
18a InSi! 
18b fflnU 

19 yir^« 

2 0 Ti/Pt/Auii!B 
20a Ti/Pt/Auy-Mi 
2 1 -f ^— S^y a*-— h 

22 Hffngfl 

23 yir*« 

2 4 T i/Pt/Auail 

2 4a TS!ttj£0>T i /P t/Au^-MI 

3 1 *|ft»ttG a A s M 
3 2 G a A s /<y7 7l 
33a n-GaAsl 
33b n — G a A s H 
34a n-AlGaAsl 

3 4b n-A IGaAsB 

3 5 n* — G a A s JB 

3 6 Si ONI 

3 7 * h U is* h 

38 si^yt^s 

3 9 S i 0 2 K9**-A^ 

40 S2toyt^ 

4 1 Ti/Pt/Au^-htS 

4 2a AuG e/N i /A u — hfftfi 

4 2b AuG e/N i / A u y — 

4 2c A u G e /N i / A u K U>f >«S 



[02] 



[03] 



[04] 



( 7 ) 
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[Hi] 



[15] 



20a 




:>;m*k:x<-;v>;->;':<-w 



19 19 




-—11 



1 1-^tt*ttQ- A.»« 

1 3—n-A I GaAsBT^A 
1 5-HEMTlfi 

2 Oa— T I /P t/AuV-HH 



16- 





( 8 ) 
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[138] 



112] 



14- 1 





1 1-*tfcti1*Q»A.gtt 

1 3 -n-A IQeAiV^ttg 

1 4-n'-Ga A hfli 
1 3-HEMT»« 

2 3— V-bX9l 

2 4« -Tfijtt(0T i/Pt/AuV-Hd 



1 5] 




[mi 3] [in] 




( 9 ) 
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[Ell 8] 




F & — Ms 5F058 AB02 AC02 AC10 AF04 AG01 

AH01 BB02 BC02 BC04 BC11 
BF07 BJ01 
5F102 FAOO GB01 GC01 GD01 GJ05 
GL05 GM06 GN05 GQ01 GR04 
GSOO GS02 GS04 GV05 GV07 
GV08 HC01 HC11 HC16 



1 9] 




